Summary In a case-control study in northeastern Italy hepatitis C virus infection seemed to increase by about 50-fold the risk of nonHodgkin's lymphoma involving the liver and major salivary glands (i.e. larger than that for hepatocellular carcinoma) and by about fourfold the risk of lymphomas at other sites.
Chronic hepatitis C virus (HCV) infection has been identified as the causative agent of different chronic liver diseases as well as hepatocellular carcinoma (HCC) (IARC, 1994) , even in the absence of cirrhotic lesions (De Mitri et al, 1995) . HCV infection has been associated with certain extrahepatic manifestations, particularly mixed cryoglobulinaemia (MC), membranoproliferative glomerulonephritis, porphyria cutanea tarda and, possibly, autoimmune thyroiditis and Sjogren's syndrome (Gumber and Chopra, 1995) . The demonstration of HCV in type II mixed cryoglobulins with monoclonal rheumatoid factor has led to the hypothesis that mixed cryoglobulins result from chronic stimulation by HCV of a population of B cells (Agnello, 1995; Sansonno et al, 1996) . Benign proliferation of B cells progresses to frank malignancy in a proportion of patients (Agnello, 1995; Monteverde et al, 1995) .
It has, thus, been hypothesized that HCV may be involved in the aetiology of B-cell non-Hodgkin's lymphoma (NHL). At least eight investigations from Italy, including over 1300 patients, reported that approximately one-fourth (range 9-40%) of patients with B-cell NHL were positive for HCV antibodies (Ferri et al, 1994; Cavanna et al, 1995; Mazzaro et al, 1996; Musto et al, 1996; Pioltelli et al, 1996; Silvestri et al, 1996; De Rosa et al, 1997; Luppi et al, 1997) . Although most studies did not include a control group, HCV positivity was many times higher than in agecomparable groups of the Italian population (i.e. prevalence of HCV about 3%; Bellentani et al, 1994) .
HCV-driven chronic inflammation and lymphoproliferation may be especially relevant at certain lymphoma sites. Lymphoid hyperplasia is often found in liver biopsies from HCV-infected individuals (Monteverde et al, 1995) . Experimental and clinical studies have also demonstrated HCV tropism for salivary epithelial cells in both chronic inflammatory and NHL salivary lesions (De Vita et al, 1995; Koike et al, 1997) . Furthermore, it has been suggested that HCV infection may be involved, in addition to Helicobacter pylori, in gastric lymphoproliferation, although findings on HCV infection in mucosa-associated lymph tissue (MALT) lymphomas of the stomach have not been consistent (Luppi et al, 1996; Pioltelli et al, 1996; De Vita et al, 1997; Silvestri et al, 1997) .
On the basis of these preliminary observations, we designed a case-control study to evaluate the association with HCV infection at specific NHL locations. For comparative purposes, a group of HCC was also included.
MATERIALS AND METHODS
The present case-control study was based on newly diagnosed incident cancer patients, all HIV negative, diagnosed at Aviano Cancer Centre and the nearby Pordenone General Hospital, northeastern Italy, between January 1994 and June 1997.
With respect to B-cell NHL at sites that may be most specifically associated with HCV proliferation, we identified nine cases with involvement of the liver, and seven with involvement of the salivary glands at NHL onset (mean age 62 years). In five of these cases, either the liver (two cases) or the major salivary gland(s) (three cases) were the only NHL localization, as established by accurate staging procedures (De Vita et al, 1997) . In the remaining cases, other tissues were concomitantly involved (the spleen and distant lymph nodes in four cases each and bone marrow in three cases). According to the Working Formulation (The nonHodgkin's Lymphoma Pathologic Classification Project, 1982), they included one low-grade, 13 intermediate-grade and two other or unspecified NHL. None of the patients with salivary gland lymphoma suffered from Sjogren's syndrome. For each case of liver and salivary gland NHL, five concurrent cases of histologically confirmed B-cell NHL at nodal or other extranodal locations at onset were identified in the hospital discharge lists, groupmatched by gender and age at diagnosis (± 5 years). Among these, all incident cases of primary gastric MALT lymphoma were included. Eventually, on account of a few patients with missing information about HCV status, 68 such NHL (median age 61 years) could be included, including 15 gastric lymphomas. Sixteen were classified as low grade, 41 as intermediate grade, eight as high grade, and three as other or unspecified NHL. Five control subjects, group-matched by gender and age, were become routine in the study years. Haemolymphopoietic also identified for each case of liver and salivary gland NHL from neoplasms were not included in the control group. Seventy-three discharge lists of those wards of Aviano Cancer Centre and had valid information on HCV status and were included (median Pordenone General Hospital where search for HCV antibodies had age 64 years). In the control group, there were 13 histologically British Journal of Cancer (1998) 77 (11), [2032] [2033] [2034] [2035] confirmed cancers of the ovary, 14 of the uterus, 13 of the colon-rectum, ten of the pancreas, eight of the lung, six of the stomach, four of the oesophagus and five of other sites. Finally, all HCC patients diagnosed in 1994-97 in the study hospitals were included (i.e. 27, median age 63 years). For each study subject sociodemographic information, lifestyle habits, and history of selected diseases and medical procedures were extracted from medical records (Table 1) . Anti-HCV antibodies were tested by means of a second-generation enzymelinked immunosorbent (ELISA) technique (HCV 2.0, Ortho Diagnostic Systems, Raritan, NJ, USA). Confirmatory tests included recombinant-based immunoblot assay (Chiron RIBA second generation, Ortho Diagnostic Systems) in all cases and serum HCV RNA amplification in most of the cases (De Vita et al, 1995) . Great attention was paid to make sure that all medical procedures mentioned in Table 1 did not refer to diseases or procedures subsequent to cancer diagnosis.
The relationship between NHL and HCC and HCV infection was assessed by means of odds ratios (OR) and corresponding 95% confidence intervals (Breslow and Day, 1980) . Unconditional multiple logistic regression equations included terms for age, gender and birthplace. Birthplace was included because a higher prevalence of HCV infection has been reported in southem Italy (Guadagnino et al, 1997) than in northem Italy (Bellentani et al, 1994 ). Table 1 shows a few significant differences in the distribution of the three groups of cases and the control group according to certain characteristics. Whereas a larger percentage of liver and salivary gland NHL cases were born in central and southem Italy, an excess of blood transfusions and alcohol abuse was reported for HCC, but not NHL, cases compared with control subjects. Among HCC cases, 17% were carriers of hepatitis B virus superficial antigen (HBsAg), compared with none of liver and salivary gland NHL and control subjects, and with 3% of other NHL cases.
RESULTS
HCV infection was detected significantly more frequently among NHL and HCC cases than among control subjects (Table  2) . Risks, however, were greater for liver and salivary gland NHL (OR 51.5) and HCC (OR 21.9) than for other NHL cases (OR 4.3). None of six subjects positive for HBsAg who were tested for HCV antibodies had positive results.
Inclusion of terms for education, blood transfusions and HBV infection did not modify the ORs as presented.
DISCUSSION
The present study confirms several investigations that have shown higher than expected prevalence of HCV infection in B-cell NHL patients. The presence of an appropriate control group and of information on several correlates of HCV infection allowed a better quantification of the risks and adjustment for characteristics (e.g. birthplace, blood transfusion, etc.), which may have confounded the association with NHL in some previous studies.
NHL represents a heterogeneous group of malignancies, possibly with different aetiologies (Scherr and Mueller, 1996) . The present study was too small to compare different NHL types, but provides some evidence that HCV may be especially relevant to B-cell lymphoid proliferation in the liver and salivary glands (De Vita et al, 1995 . Previously, a strong association of HCV infection with immunocytoma has been suggested (Silvestri et al, 1997) , although the prevalence was not as high as in the NHL cases localized at the liver and major salivary glands reported herein. Thus, as already hypothesized (Agnello, 1995; De Vita et al, 1995) , the role of HCV in the development of NHL involving liver or salivary glands may be similar to that of Helicobacter pylori in gastric MALT lymphomas. Conversely, gastric NHL resembled other NHLs with respect to HCV prevalence. An association between HCV and NHL has also been reported in Japan (Izumi et al, 1996) , Israel (Sikuler et al, 1997 ) and the USA (Zuckerman et al, 1997) . Herein, infection with HCV was detected in 26 out of 120 patients with B-cell NHL compared with 7 out of 154 control subjects with other haematological conditions and 6 out of 114 with non-malignant conditions. No extranodal NHL in Zuckerman et al (1997) , however, was primarily seen in the liver or salivary glands. In three studies from the UK (Brind et al, 1996; Hanley et al, 1996; McColl and Tait, 1996) , on 63, 38 and 38 NHL cases, respectively, no HCV infection was found. Out of 115 NHL patients who were evaluated in the Netherlands, only one showed anti-HCV antibodies (Thalen et al, 1997) . Furthermore, the follow-up of 4051 HIV-negative British haemophiliacs disclosed a 19-fold excess of liver cancer death, but no excess of NHL mortality (Darby et al, 1995) . Possible explanations for the lack of association in northern Europe include manyfold lower HCV prevalence in the general population and, among HIV-negative haemophiliacs (Darby et al, 1995) , late introduction of haemoderivates at risk of HCV . International differences in the distribution of various HCV genotypes (IARC, 1994) or other cofactors can also be hypothesized.
As the proportion of NHL attributable to established or suspected causes is very small (Hartge and Devesa, 1992) , and a role of viruses in lymphomagenesis is plausible (Scherr and Mueller, 1996) , HCV currently represents one of the most interesting candidates for at least a fraction of NHL. In the presence of liver or salivary gland localizations, when a relation similar to that for HCC has been found, search for HCV infection may be particularly appropriate.
